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ABSTRACT 
A family with li\ e children affected with the de Sanctis Cacchione (D Cl syndrome is 
presented. Ultraviolet li~ht-induced DNA repair synthesis. as measured by autoradiography 
as well as by isopyknic centrifugation, was studied in cell strains from three a ffected 
members and their heterozygote parents. Similar. low amounts of repair synthesis were found 
in the cells of a ll pattents. Tn cell strains from the heterozygous parents a reduced 
repa1r activity was demonstrated. 
Complementa tion s tud ies with cell hybridization techniques were performed using cells of 
our patients. cells ol one of our patients and those of an unrelated OSC patient, and cells of 
one of our patient::> and those ol a classic xeroderma pi!{mentosum CX Pl patient. The fus ion of 
cells from a classic XP patient with those ot one of our D 'C patients resulted in hybrids that 
had noma! amounts of repai r synthesis. The hybrids resulting from t he nther fusions revealed 
very lo\\ or negligible repair activity. These results demonstrate ~enetic heterogeneity be-
tween DSC' and classical XP cases. They stron~rly suggeM either intergenic or interallelic 
comple mentation during hybr idi1.ation between XP and DSC cells. 
Xeroderma pigmentosum (XP) is an autosomal 
recessively inherited human disease, characterized 
by sensitivity of the skin to ultraviolet light (UVL) 
eventually leading to the formation of ma lignan t 
neoplasms [1 -1 ]. Fibroblast cultures from the skin 
of patients wi th XP were lirst shown to be sensi-
tive to UVL by Cartier 151. Later, Cleaver 16-11] 
showed that such cells have a reduced capacity to 
perform DNA repair synthesis after UV irradiation 
a nd a re unable to excise pyrimidine dimers from 
their D A. 
Genetic heterogeneity of XP is suggest ed by the 
clinical observations that some individuals have 
the classia l form of the disorder with normal men-
tation. whereas others have the de Sanctis- Cacch -
ione syndrome (DSC') in which the skin manifesta-
tions are accompanied by neurologic abnormalities 
and mental retardation. Bootsma et a l [12] demon-
strated heterogeneity a t the molecular level e\·en 
within the classical type of XP. They studied 
post-UVL irradiation repai r replication in libro-
blast cultures by means of •H-thymidine labeling 
and autoradiography . Although all XP cell cul-
tures showed decrea->ed repair in DNA synthesis in 
G , and G, phases. this dec rease was marked in 
cell s trains origina l ing from severe cases and slight 
in st rains from mild cases. C'ells obtained from re-
lated patients showed identical levels of repair 
activity. suggesting a genetically determined con-
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stant level of reduced repair replication. Howeve r. 
recently Robbins et a l [13 J have demonstrated that 
such a correlation could not be found in their XP 
patients. 
[n the present report a family is presented with 
several members affected with the DSC syndrome. 
UV -induced D:--IA repair synthesis, as measured by 
autoradiography a:; well as by isopyknic centrifu-
gation. was studied in cell s trains from affected 
members and their het erozygote parents. Com-
plementation studies with cell hybridization tech-
niques were performed between cells of our pa -
tients among each other, cells of one of our patients 
and those of an unrelated DSC patient, and cells of 
one of our patients and those of a classic XP 
patient. Genetic heterogeneity was demonstrated 
between the DSC a nd the classical XP cases (14]. 
MATERIALS AND METHODS 
Case Report.~ 
CaM! I. H.A. (Ill 5 on pedigree-Fig. ll had pigmenta-
tion on are&; nf the >"ktn exposed to sunlight and was 
menta lly retarded. At the age of 7 years he was found to 
have xeroderma pigmentosum with a squamous-cell 
carcmoma on the left ala nasi . Although this lesion was 
excised. new carcinomatous lesions appeared on the nose 
and the child succumbed to metastases. 
Ca'e 2. Ma.A. fIll 8 on pedigree), brother of H. A .. 
was diagnosed at the age of 40 days as having xeroderma 
pigmentosum. Subsequently, he underwent several oper-
ations of the face, with excision of tumors that were 
diagnosed as well -differentiated squamous-cell carcino-
mas. At the age of 13 years. he was found to have typical 
skin lesion8 of xeroderma on the face, neck, and parts of 
the extremities exposed to the sun. The canilagenous 
part on the left side of the nose was deformed. He was 
microcephalic and mentally retarded . The significant 
laboratory data were as follows: the bone age was 
retarded: the EEG revealed diffuse abnormalities; the 
unnary uroporphyrin~> were normal. 
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F1c. 1: Family pedigree-• Affected male, e affected 
female, 0 unaffected male. 0 unaffected female. • 
affected deceased male, <)> unaffected deceased female. 
Case 3. Mo.A. (Ul 10 on ped1gree). brother of H.A 
and Ma.A .• was diagnosed as suffering from xeroderma 
pigmentosum at the age of 2 months. He also developed 
squamous-cell carcinoma at the paranasal area and was 
admitted at the age of 12 years to the American Univer-
sity Hospital , Beirut, for study and treatment. He had 
the typical lesions of xeroderma pigmentosum on the 
face , neck, upper trunk, and extremities. He was mi. 
c rocephalic. mentally retarded. and he had a staggering 
gait. Significant laboratory data were as follows: bone age 
of 8 years; EEG with a convulsive pattern on the left 
occipital area; normal uroporphyrins A skin biopsy was 
taken for fibroblast culture (XP12ROI. 
Case 4. R.A. crv 2 on pedigree), a female relative of 
H. A., Ma.A., and Mo.A., was diagnosed as suffering from 
xeroderma pigmentosum at the age of2 months. She had 
the typical lesions of xeroderma pigmentosum on areas of 
the s kin exposed to sunlight . Twenty-four-hour urinary 
uroporphyrins were normal. A skin biopsy was taken for 
fibroblast culture (XP26R0). At the time of the clinical 
investigation, she had a normal neurologic examination . 
No EEG was performed 
Case 5. !':.A. (IV 6 on pedigree). brother of R.A., was 
diagnosed as suffering from xeroderma pigmentosum at 
the age of I week. Areas of the skin exposed to sunlight 
were covered by the typical pigmentation of xeroderma 
pigmentosum. A skin biopsy was taken for fibroblast 
culture (XP25R0). At the time of the climcal investiga 
tion , he had a normal neurolos;c examination. No EEG 
was performed. 
Fam1/y Genetics 
This is a Palestinian Moslem family . The father en 1) 
and the mother (U 2) of the three brothers 1111 5. IIJ 8, 111 
10) are clinically normal and not conROngumeous. Their 
eight hvmg daughters are normal and healthy The father 
(Ill 16) and the mother (Ill 151 of IV 2 and I\' 6 are also 
normal , healthy, and not consanguineous. All four par 
ents are obligate heterozygotes for the OSC gene . II 2 and 
D 5 (the mother of Ill 15) are sisters. Thus, we assume 
that either I I or I 2 is heterozygouR for the OSC' gene. 
Tissue Culture 
Fibroblast cultures were grown frum skin biopsie:, of 
three of our patients. Ul 10. I\' 2, and l\' 6. and desig-
nated XP12RO, XP26RO. and XP25RO. respectively 
Cell strains developed from skm biop~tes of their parents 
D l. II 2, Ill 15. and Ill 16 are XPH15RO, XPH 1-IRO. 
XPH27RO, and XPH28RO, respectively . The different 
cell strains are presented in Table I. A cell strain 
(XPPKSF) origina~ing from a DSC patient who was not 
consanguineous with the Palestinian family was also used 
in this study, as was cell strain XP4RO originating from a 
classic XP patient. Cell strains derived from skin biopsies 
of healthy people served as control!;. The cultures were 
started in Carrel flasks using F12 medium without 
thymidine and supplemented with 20~ fetal calf serum. 
Before subculturing in tissue culture bottles, the serum 
concentration was decreased 10 15"' fetal calf 5erum. 
The de::.1gnations used in th1s paper for the XP cell 
strains follow the proposal by Cleaver. Bootsma. and 
Friedberg [151 for the standard1za11on or the nomencla-
ture for XP cell strains. 
Irradiation 
The washed and drained cultures were UV irradiated 
with a 15\V Philips TUV low-pres.qure mercury tube. at a 
dose rate of either 7.5 or 9 ergs/ mm 2/sec. predominantly 
254 nm. A dose of 100 ergs/mm' UV light was used. 
Un.~chE'duled DNA synthesis tl'DSl 
The cu ltures were labeled wnh •H-thymidine I 10 IJC' i/ 
ml ; 2.0 C'i/mmole) for 1 hr before UV rrradiation and for 2 
hr after irradiation. Labeling prior to irradiation was 
carried out to ensure that cells in S phase could unam-
biguously be identified as heavily labeled cells. After 
labeling. the cells were fixed in Bouin 's fixative and 
processed for autoradiography by methods described 
previously [121. The preparation~ were exposed for l 
week DNA repa1r synthesis after l 'V 1rrad1allon was 
meas ured by grain counting over weaklv labeled cells in 
the G 1 or G, phase of the cell cycle. From the frequency 
distnbuuon of grain counts o~;er normal cells under these 
label in~ conditions, nuclei with less than 50 grains were 
considered to be G 1 or G, phase cells [141. The grain 
numbers 8 and 50 were adopted as the limits of UDS and 
cella showing between 8 and 50 grain& per nurleus are 
referred to as labeled . 
Repa1r RPplit·ation 
The cells were incubated m a medium contammg 
BUdR ( 1.5 11g/ mll and FUdR ( 10 • Ml for 2 hr before UV 
irrad1atton. Alter irradiation. incubatum was continued 
in medium containing •H -thymidine ( 10 11Ci/ ml: 20 
Ci/mmolel. BUdR (1.5 !Ag/mll , FlldR (10 • M). and 
hydroxyurea ( 10 ' M) for 2 hr. After the cells were 
harv~tcd (I 2 x 10• for each experimental point). the 
s n( Cell • tru1n 
a O!:iC' fam 
XP12RO 
XP26RO 
XP25RO 
ily 
0 
0 
0 
0 
XPII14H 
XPHISR 
XPH27R 
XPH2RR 
, ol 
XP 
Cell htnoon 
unrelated 
patient 
' 
< XPPKSF 
XP4RO 
TABLE I 
DNA repair 
'I/ umber on uDs· pedigree 
UIIO < 5 
I\" 2 < 5 
IV 6 
I 
< 5 
II 2 81 
II 1 I 74 Ul15 86 IH16 9:i 
TypeofXP UD~· 
osc <5 
Class1c 10 15 
Repair 
replication• 
< 5 
< 5 
< 5 
51 
76 
n .t .• 
128 
Repa1r 
repliratl lfn• 
n .t.• 
5 10 
-'-· 
• Expres~ed ru. a percental(e of thl' (e,els found 10 
normal cell~ after a UV dOl>e of 100 ergs/mm ' 
• n .t not tl!!'ted . 
< XPPKSF pro\•ided by Dr .J E. Clea,er. San Fran -
Cisco. 
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DNA was isolated and analyzed by sodium iodide density 
gradient centrifugation, as previously described [16). 
Complementation Stud1e.~ 
Cells of two different XP strains were trypsinized, 
mixed in a ratio of 1:1 and incubated in the presence of 
fl-propiolactone-inactivated (17) endai virus according 
to the method of Harris and Watkins (18 ]. Following 
fusion, the cell suspen~ion was seeded in Petri dishes on 
coverslips. After 2 days of growth. the cultures were 
exposed to 100 ergs/ mm• UV light to study [), A repair 
synthe:;is, i.e .. UDS in binuclear cells. Only binuclear 
cells not havmg nuclei in S phase were counted. Binu-
clear cells showmg between 8 and 50 grains over each 
nucleus were considered as labeled. 
Characterization of Binuclear Cells ShowinR DNA R epair 
S_vnthe.~zs 
In the cell population resulting from a fusion between 
cells originatin~t from a female and a male patient 
(X P4RO/XP 12RO I the expected three types of binuclear 
cells were recogni1ed by means of sex chromosomt> 
dial(llos•s in the interphase nuclei (19.20). The cell 
population which was subjected to UV irradiation and 
•H-thymidme labeling m order to »ludy VDS, was fixed 
in et hanol :t>thcr (I : I) for 2 .5 hr. air dried. and stained for 
5 min m 0.5~ aqueous atebrm !G. T Gurrl . After rinsmg 
and mounting in buffer the preparations were studied 
with a fluorescence microscope. After the atebrin stain-
ing, Y-chromosomes in male interphase nuclei and Barr 
bodies in female nuclei were \'isible. The three types of 
binuclear cells-XP4RO/XP4RO. XP12RO/XP12RO. 
and XP4RO/XP12RO-were identified as cells havin~t 
two female nuclei CXX/XXJ , two male nurlei (XY/XYl , 
and one temale and one mall' nucleu~ (XX • Y). respec-
tively. The position of 100 binuclear cells of each class 
was recorded . After autoradiography, the labeling pat-
tern was studied in the same cells. 
RESULTS 
DNA Repair Synthesis (Table n 
The cells originating from the DSC patients of 
the Palestinian family had \'cry low or undetecta-
ble amounts of repair synthesis: less than 5"? 
activity found in the irradiated cultures is undis-
tinguishable from the background level in unir-
radiated cutures. The Mme low level of activity 
was found in the cells of an unrelated D C patient 
(XPPKSF) , whereas the classic XP4RO showed 
residual activity <UDS: 10- 15'1 of the control: 
repair replication : 5 lO"r of the control). 
In the cells originatin~ from the parents of the 
patient III 10 (XPH 14RO and XPH 15R0l a signifi-
cant reduction of repair synthesis level was found 
with the autoradiographic as well as the density 
gradient technique:, . The same mutation is proba-
bly present in the heterozygotes XPH27RO and 
XPH28RO because of their family relationship. 
However, the cells of these individuals did not 
show a consistent decrease of the repair level, 
although a slight decrease is sometimes indicated 
in the UDS data. 
Complementation Studies 
In Table II the results of three different fusions 
are presented showing the percentage of labeled 
binuclear cells: XP12RO/XP25RO represents a 
fusion between cell strains originating from two 
DSC patients of the Palestinian family, whereas in 
the XP12RO/XPPKSF fusion two strains of un-
related DSC patients are combined . In the last 
fusion (XP12ROIXP4R0). cells of a DSC patient 
of the Palestinian family <XPl2ROJ are fused with 
cells of a classic XP patient (XP4R0). In the cell 
populations resulting from the fin>t two fusions 
(XPL2RO/XP25RO and XP1 2RO/XPPKSF) the 
percentages of Ia be led binuclear cells did not 
exceed the percentage found in the parental 
strains. In the cell population obtained after fusion 
of a DSC cell strain with a classic XP cell strain 
(XP12RO/XP4RO), 36"i of the binuclear cells were 
labeled after UV irradiation . 
Charactertzation of Binuclear Cells Showing DNA 
Repair S_ynlh e.~is 
ln order to investigate which kind of binuclear 
cell showed the UV -:.timulated 0 r A repair synthe-
sis in the fuc;ed cell population XP12RO/XP4RO. 
the technique of sex chromosome diagnosis in 
interphase nuclei was used. The XP4RO/XP4RO 
fusion and the XP12RO/ XP12RO fusion served as 
controls. 
Two days after fusion the cultures were irradi-
ated and labeled . After fixation, about 100 XX/XX 
binuclear cells were diagnosed in the XP4RO/ 
XP4RO fusion as were 100 XY/XY binuclear cells 
in the XP12RO/XP12RO fusion. The labeling 
pattern of the nuclei of these diagnosed cells, as 
TABLE II 
Un.•cheduled DNA synthe.~i., {ollowinR ultrar:iolet 
expo>Urt! of parental and fusE•d cell populations usinq 
dzflerent xeroderma piJ!mentcJ.~um strain.<o 
Parental <'ell~ 
XP12RO 
XP25RO 
XPPKSF 
XPIRO 
Fused populut i un~ 
--
RO XPt2RO/XP'25 
XP12HO/XPP 
XP12RO/XP4R 
KSF 
0 
~ of labeled nuclei• 
Oerymm' IOOerl!l'fmm' 
0-2· 0-4• 
0 0 
0 0 
3 7 
'l of labeled hinuclear cells' 
Oerymm' 100 ergs/mm' 
2 0 
0 0 
1 36 
• Fifty nucll'i were counted. 
• Showinl{ the lowe.t and highest value as found in 
three independent experiment~. 
' Fifty binuclear cell~ were counted except in the case 
of the last fURIOil in which 200 hinurJear cells were 
counted 
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FIG. 2: Frequency distribution of grain counts made of 
the nuclei of binuclear cells diagnosed in XP4RO/XP4RO 
fusion, XPt2RO/XPl2RO fusion, and XPt2RO/XP4RO 
fusion. A, nuclei of the XX /XX binuclear cells in the 
XP4RO/XP4RO fusion; B, nuclei of the XY/XY binu· 
clear cells in the XP12RO/XP 12RO fusion: C, nuclei of 
the XX/XX binuclear cells in the XP12ROIXP4RO 
fusion; D, nuclei of the XY/ XY binuclear cells in the 
XPL2RO/XP4RO fusion; E, nuclei of the XX/XY binu · 
clear cells in the XP1 2RO/XP4RO fusion. 
seen in the autoradiographs , is presented in Fig-
ures 2A and B, showing the frequency analysis of 
the grain counts. None of the binuclear cells had 
more than 8 grains over both nuclei . 
'The frequency analyses of the grain counts over 
the nuc lei of the XX/XX, XY/XY, and XXIXY 
binuclear cells, diagnosed in the XPL2RO/XP4RO 
fusion , a re demonstrated in Figures 2C, D, and E, 
res pectively . The !{rain count distributions of the 
nuclei in the XX/XX cells and of the nuclei in the 
XY/XY cells were comparable with those found in 
the control fu~ions (Figs. 2C and D compared with 
A and B) . Only a small percentage of the XX/XX 
and XYIXY cells in the XP12RO/XP4RO fusion 
were labeled, i.e., 8% of the XX/ XX cells and 2o/c of 
the XY/XY cells, which is comparable with the 
percentage found in the parental s trains ('fable II ). 
Of the binuclear cells with a female and a male 
nucleus (XX/ XYl, 87~· were found to be labeled. 
The frequency distribution of the grain counting 
(Fig. 2E) and the mean grain number per nucleus 
of the nuclei in t he XX/XY binuclear cells (17 
grains per nucleus) were comparable with control 
nuclei under identical conditions (published else-
where [14)). 
DISCI'SSION 
'The three patients (III 10, IV 2, IV 6) affected 
with the DSC syndrome and reported here have 
similar and very low a mounts of repa ir synthesis. 
Belonging to the same family, they all suffer from 
the same mutat ion and have the same severe 
clinical findings. A DSC cell strain origin ating 
from a DSC patient not related to the reported 
family a lso had very low amounts of repa ir synthe-
sis . However, a DSC cell strain repon ed by Cleaver 
[101 had marked residual activity, showing that 
the very low levels of repai r synthesis a re not 
cha racteristc for the DSC syndrome. 
ln the study of cell strains from the heterozygous 
pa rents (XPH14RO, XPH15RO, XPH27RO, and 
XPH28R0 l reduced repair activity was found . 
Cleaver [10] reported lower levels of repair synthe-
sis in cells of heterozygote paren ts of a classic XP 
patient. However, in most cases so far investigated, 
normal repair levels have been observed [10,12], 
which is consistent with the recessive nature of the 
disease. Apparently the enzyme which is defective 
in XP cells is present in excessive rather than in 
rate-limiting amounts in normal cells. These re-
sults indicate that the detection of heterozygotes 
by means of the presen t techniques is not reliable. 
Our cell fusion experiments revealed very low or 
negligible amounts of ' H -thy midine labeling in t he 
binuclear cells resulting from the fusion of cells of 
two affected members of lhe family we a re report -
ing. 3 H-thymidine labeling was a lso absent m 
binuclear cells formed after fusion of cells of one of 
our DSC cases with the cells of another DSC case 
not belonging to this family. However, the fus ion of 
cells from a classic XP patient with those of a DSC 
patient resulted in hybrids that had norm al levels 
of ' H-thymidine labeling. 
'These results strongly suggest that the 3H -
thymidine labeling in the hybrid binuclear cells 
after UV irradiation represents DNA repair synthe· 
396 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
sis as a result of complementation. The simplest 
interpretation would be that two different genes 
are involved in the basic defect of the DSC and the 
classic XP syndromes. resulting in intergenic com· 
plementation. However. as has been found in fungi 
heterokaryons [21) as well as in mononuclear 
human hybrid cells [22 ), interallelic complementa-
tion might have occurred. To distinguish between 
intergenic and interallelic complementation. fur-
ther studi~ are required on the properties of the 
enzyme involved in the repair proces~ in the binu 
clear t•ells compared to normal cell!>. Thus. our 
data do not indicate whether the mutations are 
located within one ~ene or in different genes codtng 
for polypeptides of either the same enzyme or dil-
ferent enzymes. 
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